We present time-resolved photometry of a cataclysmic variable discovered in the Isaac Newton Telescope Photometric Hα Survey of the northern galactic plane, IPHAS J062746.41+014811.3 and classify the system as the fourth deeply eclipsing intermediate polar known with an orbital period of P orb = 8.16 h, and a spin period of P spin = 2210 s. The system shows mild variations of its brightness, that appear to be accompanied by a change in the amplitude of the spin modulation at optical wavelengths, and a change in the morphology of the eclipse profile. The inferred magnetic moment of the white dwarf is µ wd ∼ 6 − 7 × 10 33 G cm 3 , and in this case IPHAS J0627 will either evolve into a short-period EX Hya-like intermediate polar with a large P spin /P orb ratio, or, perhaps more likely, into a synchronised polar. Swift observations show that the system is an ultraviolet and X-ray source, with a hard X-ray spectrum that is consistent with those seen in other intermediate polars. The ultraviolet light curve shows orbital modulation and an eclipse, while the low signal-to-noise ratio X-ray light curve does not show a significant modulation on the spin period. The measured X-ray flux is about an order of magnitude lower than would be expected from scaling by the optical fluxes of well-known X-ray selected intermediate polars.
Introduction
Cataclysmic variables (CVs) are semi-detached close binary systems comprising an accreting white dwarf, and a late-type main-sequence donor. The strength of the magnetic field of the white dwarf plays an important role in governing the process of accretion. If the magnetic field is weak, mass transfer takes place via an accretion disk. In contrast, if the magnetic field is strong enough (B ∼ 10 − 200 MG) to suppress the formation of the disk, the accretion stream from the secondary star flows along the magnetic field lines to the poles of the white dwarf. These systems are known as polars. For moderate magnetic-field strength systems (B ∼ 1 − 10 MG), or intermediate polars (IPs) , the transferred material may form a partial disk in which the inner part is disrupted into accretion curtains that channel material to the magnetic poles of the white dwarf. In polars, the rotational period of the white dwarf (P spin ) is generally synchronised to the orbital period (P orb ), whereas the white dwarfs in IPs are rotating asynchronously with P spin /P orb ∼ 0.01 − 0.6 (see Warner 1995 for a comprehensive review on CVs).
The evolution of magnetic CVs is still subject to discussion. Observationally, polars and
IPs dominate the population of magnetic CVs below and above the 2-3 h orbital period gap, respectively. Both classes overlap in magnetic field strength, suggesting that IPs with relatively high fields may synchronise once they have evolved through the period gap, and appear as polars (e.g. Hellier 2001; Cumming 2002) . IPs with low field strengths should remain unsynchronised below the period gap. This general hypothesis has been backed by the detailed simulations of Norton et al. (2004) , who find that long-period IPs with a white dwarf magnetic moment of µ wd 5 × 10 33 G cm 3 will evolve into polars while those with µ wd 5 × 10 33 G cm 3 and secondary stars with weak magnetic fields will remain IPs. Historically, the dearth of known IPs below the period gap has raised some concerns regarding the evolution of low-field IPs, however, a number of such systems have been identified (see e.g. Rodríguez-Gil et al. 2004a; Patterson et al. 2004; Southworth et al. 2007a) , suggesting that their number has been underestimated. be a long-period system, and classify it as the fourth deeply eclipsing IP, making it a promising candidate for accurate stellar parameter measurements. Following the determination of the orbital and spin periods of IPHAS J0627, along with estimates of its binary inclination and mass ratio, we discuss the sample of confirmed IPs as well as the future evolution of IPHAS J0627.
Observations and data reduction

Time-series photometry
We obtained a total of ∼ 27 h of unfiltered time-series CCD differential photometry of IPHAS J0627 (Fig. 1) Muchachos Observatory on La Palma using the 1.2 m Mercator telescope equipped with the 2k × 2k pixel MEROPE CCD camera (Table 1) . The images were taken using 3 × 3 binning to reduce the read-out noise and to improve the time resolution. The data were reduced using the pipeline described by Gänsicke et al. (2004) which employs MIDAS for bias subtraction and flat fielding, and performs aperture photometry using Sextractor (Bertin & Arnouts 1996) .
Differential magnitudes of IPHAS J0627 were then calculated relative to the comparison star C1 (USNO-A2.0 0900-02977965: R=16.1, B=18.0). C2 (USNO-A2.0 0900-02978083: R=17.1, B=18.1) was used to check for variability of C1 which no significant brightness changes were found. Sample light curves of IPHAS J0627 are shown in Fig. 2 .
-5 -One additional light curve of IPHAS J0627 was obtained quasi-simultaneous with the Swift X-ray observations (see below) using the AAVSOnet telescope Wright28, a C-11 equipped with an ST-7 camera. The data were reduced in a standard fashion using MaximDL/CCD.
Swift X-ray and ultraviolet data
IPHAS J0627 was observed with the narrow-field instruments of the Swift spacecraft (Gehrels et al. 2004 ) for a total of 9 ks on 23 November 2009. The observation was broken across nine spacecraft orbits, with exposure times ranging from 0.2 to 1.5 ks.
Observations with the Ultraviolet/Optical Telescope (UVOT; Roming et al. 2005) were made using the UVM2 filter, which has central wavelength of 217 nm and a full-width at half-maximum bandwidth of 51 nm. One exposure was made each visit. A source was visible at the position of IPHAS J0627 in all nine images, and a light curve was extracted from a 5 arcsec radius region using the UVOTMAGHIST tool version 1.12 and photometric calibration data from the release of
May 2007 (version 105).
Observations with the X-ray Telescope (XRT; Burrows et al. 2005) were made predominantly in photon counting mode (PC) and we did not attempt to analyse the 10 per cent of data collected in Windowed Timing mode (WT). A light curve and spectrum were extracted within a 20 pixel (47 arcsec) radius circle of the source position from the cleaned event file using XSELECT version 2.4 and retaining events with grades 0-12. The background was estimated using a circular region of 4.6 ′ radius. The spectrum was binned to a minimum of five counts per bin.
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Light curve analysis
The light curves in Fig. 2 confirm the deeply eclipsing nature of IPHAS J0627 found by Witham et al. (2007) . In addition, the 2006 data exhibit two additional features: short-period modulation and a broad modulation of the out-of-eclipse brightness of the system. Below, we analyse these three morphological light curve structures. 
Eclipse profiles and ephemeris
where T 0 is defined as the time of mid-eclipse and the errors are given in brackets. We hence conclude that the orbital period of IPHAS J0627 is P orb = 8.1619807(34) h. The corresponding cycle numbers and observed minus computed (O − C) eclipse times are reported in Table 2 .
The Mercator light curves folded on the ephemeris in Eq. (1) 
Spin modulation
In addition to the deep eclipses, the December 2006 light curves of IPHAS J0627 exhibit short-period modulation on time-scales of ∼ 40 min with a ∼ 0.4 − 0.5 mag peak-to-peak amplitude, most clearly seen in the December 23 observations covering more than one orbital cycle (see Fig. 2 ). Considering the detection of He II λ 4686 emission in the spectrum of IPHAS J0627 (Witham et al. 2007 ), this raises the possibility that the observed oscillations represent the white dwarf spin period.
In order to test the periodicity of the oscillations, we subjected the combined light curves
2006 December 22 and 23 observations to a time-series analysis using the MIDAS/TSA context.
Prior to the analysis, the mean was subtracted from the data. In addition, we pre-whitened the data by means of a sine fit, fixing the period of the sine wave to the orbital. We included nine harmonic -8 -frequencies in the sine fit to remove the effect of the eclipse from the observed light curve.
The power spectrum computed from the data prepared in this way contains the strongest signal at f 1 = 39.090(15) d −1 (Fig. 4) , flanked by one-day aliases. The best-fit value of the period determined from a sine fit to the data is 2210.27(87) s. We assessed the likelihood of correct alias choice using a test based on bootstrapping simulations as described in Southworth et al. (2006 Southworth et al. ( , 2007b , and find that 100% of the simulations return the strongest power within the 39.090 d
−1
alias. We tested the significance of this signal by creating a faked data set computed from a sine function with a frequency of 39.090 d −1 , and randomly offset from the computed sine wave using the observed errors. The power spectrum of the faked data set reproduces well the 1-day alias structure of the power spectrum calculated from the observations of IPHAS J0627 ( which is, within the uncertainties, equal to f 1 − 2Ω. Additional low-amplitude signals are seen near f 1 + 2Ω and possibly 2( f 1 − Ω), however, longer time-series photometry will be necessary to confirm the presence of these signals. Based on the most commonly observed behaviour among the known IPs, we identify the strongest signal as the white dwarf spin frequency, ω = f 1 , and the weaker signal as an orbital side-band ω − 2Ω. Alternatively, f 2 is the spin frequency, in which case the strongest signal would be the ω + 2Ω side-band, however, we consider this option less likely.
We hence conclude that IPHAS J0627 is an eclipsing intermediate polar, and the white dwarf spin period is most likely P spin = 2210.27(87) s, where the error was determined by means of a sine fit In order to confirm our hypothesis, long-term observations covering the entire orbital period are strongly encouraged.
Orbital inclination
Considering the geometry of a point eclipse by a spherical body, we estimated the inclination, i, of a binary system through the relation
where R 2 /a is the volume radius of the secondary star, which depends only on the mass ratio,
and ∆φ 1/2 is the full-width of eclipse at half depth (see also e.g. Dhillon et al. 1991; Rodríguez-Gil et al. 2004b ). We estimated ∆φ In order to obtain the inclination of the system, a given value of the mass ratio, q, need to be assumed. Using the mean empirical mass-period relation of Smith & Dhillon (1998) ,
where P orb is expressed in hours, we find 0. 
The Swift observations
A faint X-ray source was detected at the position of IPHAS J0627 with a count rate of 3.2 ± 0.7 ks −1 . The X-ray spectrum is plotted in Fig. 7 compared with the best-fitting optically-thin thermal plasma model (Mewe et al. 1986; Liedahl et al. 1995) . In this fit, the temperature has risen to the model maximum of 80 keV, and it is clear that the observed spectrum is harder still.
The fit is only marginally acceptable with a reduced χ 2 of 1.75 with 4 degrees of freedom. Adding a cold absorber to the model improves the fit to a reduced χ 2 of 1.30 (3 degrees of freedom) with a best-fitting N H of 5 × 10 21 cm −2 . The hard spectrum and high absorption are as expected for an intermediate polar, but since the source is located close to the Galactic Plane it is not clear whether this absorption is intrinsic or interstellar. The total Galactic column in the direction of IPHAS J0627 is also 5 × 10 21 cm −2 . However, the fit is further improved by allowing the absorber to only partially cover the source, with a higher column density of N H = 4 × 10 22 cm −2 , a partial-covering fraction of 0.9, and a temperature that is no longer forced the highest allowed values, kT = 5 keV. This fit yields a reduced χ 2 of 0.96 with 2 degrees of freedom. Although the signal to noise ratio is low, we can conclude that the X-ray spectrum of IPHAS J0627 is consistent with that expected for an intermediate polar. The 0.5-10 keV flux of the best-fitting model is 2.2 × 10 −13 erg s −1 cm −2 . This is about an order of magnitude fainter than would be expected from scaling by the optical fluxes of well studied (and usually X-ray selected) IPs (e.g. Landi et al. In order to search for the presence of a white-dwarf spin modulation in the X-ray data we folded the XRT light on the period of 2210 s. The folded light curve is presented in Fig. 5 (bottom panel) and does not show any sign of a modulation at this period. However, with such a low number of events detected, the 90 per cent confidence upper limit on the amplitude of a sinusoidal modulation is 65 per cent. So the Swift data do not rule out the presence of an X-ray spin modulation in this object. A Fourier analysis of the X-ray light curve also failed to reveal any other significant periods.
The Swift ultraviolet data were obtained in the imaging mode, i.e. no time information is available for individual photons, but only average ultraviolet fluxes for each of the nine spacecraft orbits. The one ultraviolet measurement made close to the optical eclipse phase also has the lowest flux, indicating that the eclipse is also present at ultraviolet wavelengths. Excluding the eclipse, the ultraviolet flux at 217 nm varies in the range 5-13×10 −17 erg s −1 cm −2 , exceeding the statistical errors on the flux individual measurements.
Discussion
Over the past few years, the number of confirmed intermediate polars has rapidly increased.
At the time of writing, the IP page by K. Mukai 1 lists 36 confirmed IPs while Ritter & Kolb (2003, v.7.12 ) contains roughly twice this number, which underlines the rather broad range of criteria adopted by different authors to classify a system as IP. One clear hallmark of IPs is the presence of coherent optical and/or X-ray short-term variability on the white dwarf spin period over a sufficient span of time (e.g. Buckley 2000 Walker 1954 Walker , 1956 ) and XY Ari (Patterson & Halpern 1990 ) are deeply eclipsing IPs. Detailed observational and theoretical studies of DQ Her provided tight constraints on its system parameters, i.e. P orb , ∆φ 1/2 , q, i, M 1 , M 2 , and disk radius (see e.g. Horne et al. 1993; Zhang et al. 1995) . XY Ari exhibits deep X-ray eclipses, but is hidden behind the molecular cloud MBM12 which makes it virtually invisible in the optical band (Littlefair et al. 2001) . Recently, identified V597 Pup as a third deeply eclipsing (≃ 1 mag depth) IP, which is in the stage of decline to its pre-eruption brightness at V ∼ 20.
Based on the optical short-period variation at P spin = 2210 s detected in our 2006 light curves, we classify IPHAS J0627 as the fourth deeply eclipsing IP with P orb = 8.16 h, turning it to a rare object that holds substantial promises for detailed optical and X-ray follow-up studies.
We adopted Mukai's conservative classification, and updated his list with additional 9 IPs: (2005) i.e., RXJ0153.3+7446, HS 0943+1404, 1RXS J063631.9+353537. Figure 8 shows the most up-to-date distribution of the 48 confirmed IPs in the P spin − P orb plane (updated with respect to Fig. 23 of Gänsicke et al. (2005) and with the additional well-determined P orb and P spin IPs listed in Table 3 ). Eclipsing systems presented as filled dots. It is clear that the majority of IPs (∼ 87%) are found above the conventional 2-3 h period gap whilst the fraction of systems below the period gap remains fairly small (∼ 13%). Only two systems have extremely long orbital periods i.e., GK Per (P orb = 1.996 d; Crampton et al. 1986 ) and 1RXS J173021.5-055933 -14 -(P orb = 15.42 h; Gänsicke et al. 2005 ).
The updated distribution shows that a fair number of CVs have P spin /P orb ≃ 0.1, a trend already noticed frequently in the past (e.g. Barrett et al. 1988; Norton et al. 2004; Gänsicke et al. 2005; Scaringi et al. 2010) , which spawned the initial theoretical work on the white dwarf equilibrium in magnetic CVs (King & Lasota 1991; Warner & Wickramasinghe 1991) . However, it is now clear that IPs above the period gap (3-10 h) are widely distributed over 0.01 P spin /P orb 0.1, including IPHAS J0627 with P spin /P orb = 0.075 (for the adopted P spin = 2210 s), indicating disk-fed accretion (Norton et al. 2004 . All IPs with P orb < 2 h have P spin /P orb > 0.1 which agrees with the predictions of King & Wynn (1999) . The most extreme systems with P spin /P orb < 0.01 are exclusively found at very long orbital periods, which may suggest that they are relatively young systems still far from equilibrium. Norton et al. (2004) showed that a large range of spin equilibria exists in the (P spin /P orb , P orb , µ wd , q) parameter plane, with µ wd being the magnetic moment of the white dwarf, as illustrated for a mass ratio q = 0.5 in their With such a relatively high magnetic moment, IPHAS J0627 may just about evolve into a short-period EX Hya-like IP, with a large P spin /P orb ratio, or, perhaps more likely, synchronise as a polar. In fact, adopting R wd = 0.01 R ⊙ (appropriate for the average CV white dwarf mass of 0.85 M ⊙ ), the estimated magnetic moment implies a field strength of B ≃ 18 MG, which comparable to that of the short-period polars EF Eri and ST LMi.
The motivation of our Swift observation of IPHAS J0627 was to probe for X-ray emission pulsed on the white dwarf spin period, which would be the ultimate confirmation of the IP nature of this system. We found that the best-fitting model at 0.5-10 keV flux for IPHAS J0625 is 2.2 × 10 −13 erg s −1 cm −2 . This value is an order of magnitude fainter than most confirmed IPs -15 -which usually are X-ray selected. Figure 9 presents X-ray fluxes and optical magnitudes of the confirmed IPs 2 , and optical magnitudes were taken from Ritter & Kolb (2003, v.7.12) , with filled dots represented eclipsing systems, triangles being rapid rotators (P spin /P orb < 0.01), and filled triangles being eclipsing and rapid rotators. IPHAS J0627 has clearly the lowest X-ray-to-optical flux ratio, followed by DQ Her and AE Aqr. The low X-ray flux in AE Aqr is explained by the very rapid rotation of the white dwarf, which prevents accretion (Wynn et al. 1997) . Among the other two rapid rotators, DQ Her has a low X-ray flux, but 1RXS J173021.5-055933 is X-ray bright -both have spin periods 3 − 4 times longer than AE Aqr, suggesting that inefficient accretion is not necessarily the reason for the low X-ray flux of DQ Her. The other plausible hypothesis is that the X-ray flux in DQ Her is blocked by the accretion disk/rim because of the high binary Horne et al. 1993) . To complicate the matters, XY Ari is a deeply eclipsing Hellier 1997) , but X-ray bright IP. However, it is difficult to assess an 'intrinsic'
X-ray-flux-to-optical ratio for XY Ari since the system lies behind the molecular cloud MBM12.
For partial/grazing eclipsing IPs, X-ray fluxes are typically consistent with non-eclipsing systems.
We conclude that the dependence of the X-ray-to-optical flux ratio on the binary inclination and white dwarf spin is not straight-forward, but for the case of IPHAS J0627 obscuration of the accretion spots on the white dwarf by the accretion disk/rim appears to be the most likely explanation for the low X-ray flux. High-speed ground-based photometry of IPHAS J0627 has the potential to settle the question whether or not the white dwarf is hidden from direct view.
2 All X-ray fluxes used in Fig. 9 were taken from Mukai's list with 2-10 keV fluxes except DQ Her (Patterson 1994) , 1 RXSJ070407.9+262501 (Anzolin et al. 2008 
Conclusions
We have identified IPHAS J0627.41+014811.3 as the fourth deep eclipsing IP with an orbital period of P orb = 8.1619807(34) h, and a spin period of P spin = 2210.27(87) s. Because of its eclipsing nature, this IP is particularly well suited for detailed follow-up studies that will provide detailed and accurate insight into the system parameters. Our photometric data spanning three observing seasons reveal variations in the system brightness, the amplitude of the optical spin modulation, and the morphology of the eclipse profiles, all of which can tentatively be explained by a variation in the accretion rate. The relatively large magnetic moment of the white dwarf in IPHAS J0627 suggests that it is right at the boundary of systems evolving into either short-period EX Hya IPs or synchronised polars.
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